This paper uses the English Longitudinal Survey of Ageing to explore the selfreport effect of cataract operations on eyesight. Calibrating the results to an existing study of the effect of imperfect eyesight on qualty of life, the impact of cataract operations on quality-adjusted life-years is found to be very similar to that established in specific studies and well above the costs of cataract operations. The implications of this for the treatment of medical care in the national accounts are discussed.
Introduction
A comparison of the benefits against the costs of any medical intervention is at the core of an analysis of whether the money used to finance such an intervention is wellspent. Benefits of medical interventions are usually measured in Quality-adjusted Life Years 1 (QALYs); the information required to assess the gain in QALYs resulting from an intervention is normally collected by means of a specific survey instrument even if the structure of the questionnaire can be generic (Devlin, Parkin & Browne 2009 ), perhaps in the form proposed by EQ5-D (Greiner, Weijnen, Nieuwenhuizen, Oppe & de Charro 2003) . However, the use of specific surveys faces two drawbacks. First of all it may be expensive and secondly, the surveys are typically one-off exercises (Black, Browne, van it is not possible to form any view about the long-run effects of any intervention from most one-off studies. This means it is not possible to assess the life-time gain to patients from intervention except by making very simple assumptions, such as that the effect identified in the survey is permanent. General-purpose panel surveys, by contrast, offer a means of collecting information from patients before and after intervention and also following them up in the long-term. Thus, should the data provided by such surveys prove to be satisfactory, they offer a useful additional source of information about the benefits of medical interventions.
This paper explores the information provided on cataract surgery by the English
Longitudinal Survey of Ageing (Marmot, Nazroo, Banks, Blundell, Erens, Lessof & Huppert 2009 ) (ELSA) to determine the expected QALY gain resulting from cataract surgery and compares the findings with existing studies of the cost-effectiveness of cataract surgery (Kobelt, Lundstrom & Stenevi 2002 , Rasanen, Krootila, Sintonen, Leivo, Koivisto, Ryynanen, Blom & Roine 2006 . The study of cataract surgery is of particular interest because the number of operations has risen 3.7 times since 1989 (Black, Browne, van der Meulen, Jamieson, Copley & Lewsey 2009 ) and by 50% since 1999 to reach 300,000 today.
A methodology for the use of a survey such as ELSA to estimate the benefits of cataract surgery is set out and the paper suggests that, at least in the context of procedures such as cataract surgery which are widespread, such surveys can be a useful means of measuring the benefits flowing from medical interventions. Thus use of ELSA can form a valuable complement to specific instruments such as the Patient Reported
Outcome Measures (PROMs) developed by the Department of Health to explore the benefits of common medical procedures 2 .
The next section begins by presenting the relevant data from ELSA and providing the results of a non-parametric test used to establish whether cataract surgery leads to a statistically significant improvement in eye-sight. This is followed by a parametric analysis based on an ordered probit equation. The results of the parametric analysis are then calibrated against existing estimates of the effect on welfare of poor eye-sight and the outcome is used to assess the expected life-time welfare benefits of cataract surgery.
Finally the benefits are monetised and compared with the costs and conclusions are drawn.
2 Eye-sight and Cataract Surgery in the English Longitudinal Survey of Ageing (ELSA)
ELSA is a study of people aged fifty and over and their younger partners living in range of questions about health status and respondents also provide blood samples and anthropometric data. These are combined with wide-ranging socio-economic data.
The Survey, although not its precursor, has asked respondents a number of questions about their eye-sight and cataract operations. They are asked to grade their eye-sight, using normal glasses on a five-point Likert scale ranging from excellent to poor. Respondents are also asked whether they have ever been told they have cataracts developing and whether they have had cataract operations. The survey does not distinguish first and second operations, but these normally follow within a few weeks so that it is unlikely that more than ten per cent of respondents will have participated in ELSA between operations. A general survey such as ELSA obviously does not focus attention on people immediately before and after operations but it has the merit that it also includes people who have not had cataract operations and, indeed, who do not have cataracts. It also, unlike PROMs, will eventually allow us to study people's experiences long after their cataract operations.
There were 4308 people who provided complete records of their experience with cataracts in all three waves, together with records on their self-assessed eye-sight. Tables   1 and 2 We identify the numbers of people reporting improved, unchanged or worsened eyesight, both for those who have had cataract operations and for the population as a whole.
The general pattern observed is coherent with the results presented by McGwin, Scilley, Brown & Owsley (2003) . They found, looking at self-reported visual difficulties rather than self-reported eye-sight, that after surgery, cataract patients faced less difficulty with visual tasks. Returning to our own data, using Pearson's χ 2 test, we find that the distribution of outcomes is significantly different for the population which has had cataract surgery (χ , and that this is the consequence of a higher proportion reporting improved eye-sight in the population which experiences surgery than in that which does not. Nevertheless, it is surprising that such a high proportion of people operated on for cataract report a worsening of their vision and it would be desirable to form some understanding of this; this can be done only by combining self assessment with professional examination of eye-sight one or two years after cataract surgery. This non-parametric analysis does not, however, provide any detailed framework for estimating the benefits of cataract surgery. We explore this by means of ordered probit models. We assume that there is an unobserved latent variable, y it , which measures eye-sight for respondent i in year t; we refer to the values of y it as units of visual acuity.
What we observe in fact are not the values of this but whether it lies in one of the five categories shown in tables 1 and 2. Denoting these by C 1 to C 5 we assume that respondent i reports category C j if y * j−1,t < y it < y * jt with y * 0t = −∞ and y * 5t = ∞. We assume that y it is determined as follows
Here Age is the age of the respondent in period t − 2, Sex is a variable which takes a value 0 for a man and 1 for a woman., D jt−2 takes a value 1 if the respondent reports eye-sight in period t−2 to be in category C j and 0 otherwise. Note that one lag category has to be omitted from the equation since otherwise the cut points, y * 1t to y * 4t cannot be uniquely determined. Their values but not the intervals between them depend on which lag category is omitted. Here we have omitted the lag for people reporting poor eye-sight in the previous survey. E 1t−2 takes a value 1 if the respondent reports neither a developing cataract nor having had cataract surgery when interviewed in period t − 2, with E 1t the corresponding variable for period t, E 2t−2 takes a value 1 if the respondent reports an untreated cataract in period t − 2 and 0 otherwise. Finally E 3t takes a value 1 if the respondent reports cataract surgery between the interview in t − 2 and the interview in t. Thus the model allows for the effect of cataract surgery to be a consequence of eye-sight reported at the interview before the surgery. We show the estimated coefficients and standard errors for the model fitted to the two separate data sets and also for the pooled data. In order to save space we present P-values only for the last of these.
The χ .68, P=0.11. Thus using a conventional significance test we accept the hypothesis that the same underlying process drives the observations in both pairs of years and work from the results for the pooled data-set.
In the interpretation of these results we first discuss the influence of the variables which influence the latent variable. We then move on to a discussion of the interpretation of the latent variable itself. The lower the value of y it , the better is eye-sight. First we can see that eye-sight clearly declines with age and that it is lower for women than for men. Secondly, it is clear that there is considerable persistence in visual acuity. Someone whose eye-sight was excellent in one survey has, on average eye-sight 2.76 units better in the next survey than someone whose eye-sight was poor in the first survey. This is important because, in any subjective measurement exercise one might be concerned that people change the way they describe eye-sight which, measured objectively would be unchanging. This suggests that, while such effects may be present, they do not dominate the data. There are nevertheless questions like whether the way in which Some care is needed in the interpretation of the various terms relating to cataracts.
Someone who had not had a cataract (either treated or untreated) in adjacent surveys benefits from a decline of 0.09 units, γ 1 + γ 3 , in y it since the dummy variable E 1 takes a value 1 in both 2002 and 2004, this effect being measured relative to someone who has already had cataract operations by the first survey and for whom E 1t−2 = E 1t = 0.
Someone who has an untreated cataract in the first survey and who has not had an operation by the second suffers by the 0.23 units shown by γ 2 , the coefficient on E 2t−2 .
The impact of cataract operations depends on visual acuity ahead of the operation. We can examine whether the parameters of the model are significantly affected by endogeneity by estimating probit equations for i) whether someone has a cataract operation as function of their age, sex and initial eye-sight and ii) whether they have an identified untreated cataract as a function of the same variables. For these two probit equations we calculate generalised residuals (Gourieroux, Monfort, Renault & Trognon 1987) . If, using a conventional χ 2 test these residuals are found to play no significant role when inserted as additional explanatory variables in equation (1), we can use the results of table 6 and do not need to make any corrections for endogeneity (Smith & Blundell 1986 ). There are six extra explanatory variables, the residuals from the cataract equation multiplied by each of the five dummy variables and the residuals from the equation explaining whether people have developed untreated cataracts since the previous survey. We find that we can accept the hypothesis that all these terms have zero coefficients, χ 2 6 = 9.53, P=0.15, so there is no need to make adjustments for exogeneity.
This model has the implication that eye-sight depends on previously reported eyesight and also on whether the subject has untreated or treated cataracts. It also identifies the effect of cataract surgery between two interviews. But it does not address the possibility that beyond the shift terms, γ 1 and γ 2 , the dynamics of eye-sight may depend on whether someone has no evidence of a cataract or has had an earlier cataract operation. We can examine this by fitting the ordered probit equation
Here the shift terms associated with no evidence of cataract, E 1t−2 = 1, or untreated cataract, E 2t−2 = 1 are replaced by interactive terms in which each of these is multiplied by previously reported eye-sight. Thus ζ 1t shows the effect of both D 1t−2 =1 and E 1t−2 = 1, in other words someone has no evidence of cataract and reports excellent eye-sight.
Similarly ζ 5t shows the effect when D 5t−2 =1 and E 1t−2 = 1; i.e. someone with no evidence of cataract has reported poor eye-sight in the previous survey. The terms in θ jt show similar effects for people who have untreated cataracts in the previous survey.
Since the D jt−2 terms cover all respondents, there is nobody with no evidence of cataract who does not fall into one of these five groups and the term γ 1 E t−2 is therefore redundant. The term γ 2 E 2t−2 disappears for the same reason.
This extended model reduces to the earlier one if we can accept the joint hypothesis that ζ 1t = ζ 2t = ζ 3t = ζ 4t = ζ 5t and θ 1t = θ 2t = θ 3t = θ 4t = θ 5t . We show the results of the χ 2 test for each equation for each of the two sets of coefficients separately and also for the joint hypothesis that both sets of coefficients meet the required restrictions.
The results in table 7 suggest that the model of equation (1) is satisfactory and that, working at standard levels of significance, there is no substantial evidence pointing to the more complicated dynamic structure of equation (2) Brown, Brown, Sharma & Busbee (2003) explored the relationship between quality of life and visual loss. They interviewed five hundred people with differing levels of visual acuity, asking them first of all for how many more years they expected to live and secondly how many of those years they would be prepared to trade off in exchange for guaranteed permanent normal eye-sight. They stratified the subjects into four categories based on the best-corrected eye-sight in the better-seeing eye, as follows finding the average ratios of life-span with normal eye-sight to actual life-span denoted as utility ratios in table 8. The maximum possible ratio, with normal eye-sight for the rest of expected life is one, and the lower value reflects the risk that, even though people may currently have 6/6 eye-sight, they are not guaranteed that this would persist for the rest of their life. Brown, Brown, Sharma & Busbee (2003) state that their estimated utility ratios are not significantly dependent on the ages of the respondents.
Visual Acuity Utility Ratio Group 1 6/6 to 6/7.5 0.88 Group 2 6/9 to 6/15 0.81 Group 3 6/20 to 6/30 0.72 Group 4 6/60 or worse 0.61 Table 8 : Visual Acuity and Utility Ratios This valuation is probably broadly representative. Drummond (1987) suggested a rather lower QALY value associated with blindness, using 0.36 if the patient had not adapted and 0.48 if the patient had adapted. But Rein, Wirth, Johnson & Lee (2007) produce figures broadly consistent with Brown, Brown, Sharma & Busbee (2003) , suggesting a ratio of 0.8 for 6/12 vision, 0.75 for 6/20 vision and 0.67 for 6/60 vision. They go on to produce estimates for 6/120 and 6/600 of 0.56 and 0.24 respectively but without any information on the frequency of such poor levels of visual acuity of those whose vision is 6/60 or worse, it is reasonable to regard these figures as coherent with those of table 8.
To relate these to our results, we need to know the average value of y it conditional on each of the five categorical responses and before identifying the effects of any particular visual defect or intervention. Since the y it are not observed this needs to be done by simulation. We estimate the unconditional ordered probit equation
The coefficients are shown in In each case the spread of the thresholds, as identified by the difference between the first cut and the fourth cut is almost exactly the same in the conditional cases of table 6 and the unconditional case shown here. Thus we need have no concerns about using the unconditional model as a means of calibrating results derived from the conditional model.
From a given initial distribution for year t − 2 we can then simulate the value of y it for a large number of realisations of the random term ε it . We then use the estimated cut points to allocate this simulated population to categories in year t. The mean simulated value of y it for those in each of the categories is straightforwardly calculated. It is now possible to roll the exercise forward by an interval (two years) and apply a new set of random shocks. For each simulated individual we compute results for t + 2 based on the categories to which they were allocated in period t and calculate the mean value of y it+2 for each category. Repeating this exercise allows us to establish how the gap between the mean score of those who report excellent eye-sight and those who report poor eye-sight changes with age. This rises from 4.44 for someone aged 62 to 4.63 for someone aged 100, with a mean of 4.58, and we assume that this interval of 4.58 units matches the gradation of 0.39 in the utility ratio between someone who has excellent eye-sight and someone who has poor eye-sight defined as 6/60 or worse, defined as blindness North
American and many European countries.
The Effects of Cataract Surgery on Welfare.
Having calibrated our model we are now in a position to identify the effect of cataract surgery on a patient who has an identified cataract as a function of age, sex, and eye-sight reported in the interview before the operation. As with the calibration exercise, this is calculated by simulating the experiences of a large number of people and comparing the simulated value of y it for someone who has had cataract surgery with the value which would have been generated in its absence. In both cases, people are assumed to experience random shocks, but these are assumed to be the same with and without the cataract surgery. Once again, we use in our calculations the coefficients estimated from the pooled data.
For a patient who is treated between two surveys after an untreated cataract was reported in the previous survey, variable E 1 takes the value 0 and E 2 takes a value 1.
E 3 takes a value 1 only if a subject has reported cataract surgery in the interval since the previous interview. Thus the short-term impact of cataract surgery arises from the interaction between E 3 and eye-sight as reported in the previous period. This term enters in the first period of the simulation only. After this it retains some influence because, in the first period and thus in subsequent periods, it influences the way in which people classify their eye-sight. But one would expect its influence eventually to die out, so that the only long-run influence arises from the fact that E 1t−2 and E 1t for a patient with a treated cataract while they would take values of 1 for a respondent with no evidence of a cataract. This is independent of eye-sight as reported before the cataract operation.
Thus a consequence of the finding that the extra interactive terms of equation (2) are not significant and thus set to zero is that the long-term influence of cataract surgery is modelled to be independent of self-perceived eye-sight before the surgery 4 .
The impact of this for a male population is shown in figure 1 which identifies the difference in QALY units for people who receive surgery having reported each of the five possible eye-sight states ahead of surgery. It can be seen that, after fifteen years, on the assumption that the patient survives this long, most of the difference associated with pre-surgery health performance has died away.
While the implication of the model that, after the passage of time, the effect of the operation is independent of visual performance immediately ahead of the operation cannot be tested, it nevertheless is entirely coherent with the idea that, on average, benefits of the surgery then evolve in the manner implied by the curves shown in figure   1 or their equivalent as appropriate given age and sex. Future QALYs are discounted at 3 1 2 % p.a. The table also shows the average value calculated assuming that pre-surgery visual performance was distributed as found in the pooled data. The differences between men and women arise almost entirely because of the higher survival rates for women. In order to calculate cost-benefit ratios these authors have had to assume that the benefits persist while we are able to make use of the time profile shown in figure 1 or its equivalent to assess the long-term benefits. The implication of the model is that even patients who derive relatively little short-term gain derive more substantial long-term gain from their surgery. With a price of £672 for cataract surgery in 2004 (Sach et al. quoting Department of Health) and a value of £ 30,000 put on a QALY 5 table 10 implies that surgery is well worthwhile, giving an average first-year gain of £1,110. The life-time gain for an average 62-year old female patient is £19,500 and for an average male patient £17,400; even for 82-year olds with excellent initial eye-sight the gain to a man is £3,000
and to a woman £3,900. Indeed only for a man of 91 or over with excellent eye-sight does the life-time gain in welfare exceed the cost of the operation; the cut-off age for women is of course even higher. For people whose eye-sight is very good the benefit that they receive in the immediate aftermath of the operation comes close to covering the cost of the surgery. And since even at the age of 100 men have an expected life of 1.99 years and women an expected life of 2.22 years, there is no practical part of the population with eye-sight worse than excellent for whom the costs of cataract surgery outweigh the expected benefits.
Such results are calculated on the assumption that mortality rates of people undergoing cataract surgery are the same as those of the population at large. To the extent that people who complain about poor resolution and thus are offered cataract surgery, are more likely to be well educated and to have higher incomes than those who do not, it is possible that the population undergoing cataract surgery is biased towards those with high incomes and, therefore, probably, lower mortality rates. If this is true these figures will under-state the long-term benefits of cataract surgery.
In any case, there are two other reasons for thinking that these figures may be on the cautious side. First of all patients may benefit in ways in which the QALY-based measure does not recognise. For example Sach, Foss, Gregson, Zaman, Osborn, Masud & Harwood (2007) found that patients operated on for cataract were less likely to fall than were those in a control group who did not receive surgery. Secondly, despite our inability to find significant endogeneity influences as a result of selection for cataract surgery, we can be reasonably confident that the patients treated between the surveys are those in most need of surgery, and therefore those whose sight has deteriorated most between the previous survey and their operations. However, it should be noted that, even among patients selected for surgery Leinonen & Laatikainen (1999) found that 48% of patients experienced no or minimal worsening in an average waiting time of thirteen months; it is therefore possible that some of the treated patients both gained little from their surgery and would not have deteriorated further without surgery.
Finally, we have to note that, even though these figures point to surgery, as it is carried out, being well worth while on average, any means of identifying in advance the patients who are not going report improved eye-sight after surgery would offer a means of improving the benefit-cost ratio. To the extent that surgery is premature, identification of such patients would also lead to an improvement. Such analysis is beyond the scope of the survey; while 5.6% of the patients reported their eye-sight as excellent ahead of surgery, a survey of this type obviously does not reveal any particular circumstances which might explain why they were nevertheless operated on.
Conclusions
The key contribution of this paper is to show that data on self-reported health-in this case eye-sight-in a general-purpose panel survey can be used to examine the benefits of medical interventions, so as to work out the expected gain in welfare resulting from such interventions. Obviously surveys of this type can be used only for procedures which are widespread, since sample has to contain enough cases for meaningful statistical analysis to be possible. But for an intervention as common as cataract surgery, the short-term benefits identified are coherent with what has been identified in specific studies and, as the ELSA panel develops it will be possible to explore in more detail whether, following cataract surgery, the eye-sight of patients evolves in a manner similar to or different from that of people who have not suffered from cataract.
The results point to cataract surgery being very good value in terms of benefits to costs. The average expected welfare gain from surgery is valued at £1,110 in the year after surgery costing £672, but the benefits probably continue for the whole of the patient's life. Only in the case of very elderly patients reporting excellent eye-sight ahead of surgery does it seem likely that the benefits exceed the costs. This finding does not rule out the possibility that some patients are operated on unnecessarily although these cannot be identified from ELSA. Identification of any such patients would, of course, be helpful but the magnitude of the average expected life-time gain in welfare relative to the cost of surgery suggests that, overall, the widespread provision of cataract surgery is easily justified.
